The World Health Organization in 2009 revised categories of Background: dengue fever severity into classes A, B, and C based on the presence or absence of warning signs. The quantum of oral and intravenous fluids (IVF) in hospitalised patients with Group B (warning signs) have, to our knowledge, not been studied. Oral fluids in hospitalised patients and monitoring administration with the help of patients' relatives have not been assessed.
Introduction
Dengue fever is an acute arboviral febrile illness transmitted by Aedes mosquitoes and has four serotypes: DENV1, DENV2, DENV3, and DENV4 1 . It has been reported in over 70 countries and is endemic in the tropics, where ≥2.5 billion people are at risk [2] [3] [4] . India is a category A endemic country 2 ; in such countries dengue strains the already over-stretched health care system, and increases the economic burden due to hospitalization, absence from school, loss of productivity, loss of tourism revenue, and out-of-pocket expenses 2, 4 . Even this burden is a gross underestimate due to underreporting of cases and deaths, poor networking of healthcare facilities, and interstate/inter-regional differences in the availability of optimal healthcare 5 . The number of reported dengue cases in Pondicherry, South India had fallen from >3500 in 2012 to <500 in the year 2016, with a reported total mortality of just six cases during those five years 6 .
Guidelines by the World Health Organization (WHO) have been used to manage patients with dengue for ~45 years 7 . Until 2009, dengue cases were classified as dengue fever, dengue haemorrhagic fever and dengue shock syndrome, and appropriate management protocols were prescribed by WHO and national guidelines 8 . The revised classification by severity categorised patients into dengue fever without warning signs (Class A), with warning signs (Class B), and those with severe dengue (Class C) 8 . The warning signs include abdominal pain or tenderness, hepatomegaly, persistent vomiting, clinical fluid accumulation, mucosal bleed, lethargy and restlessness, and increase in haematocrit associated with fall in platelet counts. Patients in Group B must be admitted for the administration of fluids and observation during the critical phase, while patients in Group C should receive emergency care and/or urgent referral. Volume replacement guidelines by the WHO have been based on studies in children 9 . The quantum of fluids to be administered to patients in Group B have not been studied so far. Previously, only two studies had described the trends in fluid requirements over the patients' entire hospital stay but using the earlier dengue severity classification 10, 11 . Two other studies, one each from Malaysia and Nicaragua, had described the effectiveness of drinking one litre of fluid before hospital admission 12, 13 .
Even though only patients in class B and C require admission, most patients with dengue fever are often admitted due to inability to differentiate it from other acute febrile illnesses or from non-severe dengue itself 9 . Guideline-based administration of intravenous fluids (IVF) are based on patients' weight and are generally a step-down regimen as the patient's clinical and laboratory parameters improve. This is often not practical in primary care due to the shortage of doctors and nurses to monitor as prescribed in the guidelines, spacing constraints, and availability of 24-hour laboratory services. Surveillance for severe dengue is generally poor in countries with epidemics. This often leads to overcrowding at hospitals and clinics with dengue fever/mild illness. In association with overworked medical personnel and confusion among the lay public, this overcrowding often predisposes to less-than-optimal care for patients with severe dengue and increased mortality 4 .
In view of such a scenario, we decided to study patients hospitalized with dengue warning signs, wherein, they could be monitored and administered fluids, even with a low doctor/nurse-to-patient ratio, by informing patients in advance what their daily fluid intake was expected to be and using the assistance of their relatives in measuring fluid intake and output. This study aimed to find out the quantity of fluids adult patients with dengue fever and warning signs received to maintain hemodynamic stability and to discern which anthropometric measurement-based fluid requirements correlated best with manifestations of severe dengue.
Methods

Study setting
The study was conducted in Pondicherry during the 2017 dengue epidemic. All consecutive adolescent and adult patients admitted to All patients had been admitted into the hospital because of one or more of the following warning signs: persistent vomiting, abdominal pain, poor oral intake, dizziness, hypotension or shock, tachycardia during the afebrile phase of illness, severe thrombocytopenia, mucosal bleed, associated diabetes, pregnancy or alcoholism, and referral for admission from a peripheral health centre with poor transport facilities. Even though obese/overweight patients with difficult intravenous access are also considered as warning signs, we did not encounter difficulty in access and hence, they were not considered as a criterion for admission/warning sign 8 .
Definitions
Patients were classified into those with Class B dengue and those with Class C, based on WHO guidelines 8 . Class C included those with serositis, compensated and hypotensive shock, dysfunction in one or more organs, severe bleeding requiring blood products, severe thrombocytopenia, and a change in haematocrit by 20%. Postural symptoms were defined by the presence of either dizziness, light-headedness, feeling faint, palpitations, or sweating while sitting or standing from the supine position. Postural hypotension (PH) was considered when the systolic BP fell ≥20 mm and/or the diastolic blood pressure (DBP) fell ≥10 mm when the patient stood upright for two minutes after getting up from the supine position. In those patients with postural symptoms, blood pressure was recorded in the sitting position with legs dangling down. Postural BP measurements were done at least twice daily and the higher fall in BP was noted. The postural BP in the morning was taken under the supervision of the consultant taking rounds, while the evening and night shift recordings were taken by either the duty resident or house surgeon. Hypotension was considered when the systolic blood pressure was <100 mmHg. Tachycardia was when the pulse rate was ≥100 beats/minute. The presence of either tachycardia or postural hypotension defined compensated shock. One of the following was considered as hypotensive shock: pulse pressure was ≤20 mmHg, systolic blood pressure (SBP) was <90 mmHg, feeble pulse or the patient was restless. Serositis was defined by the new onset development of ascites and/ or pleural effusion. Organ impairment was defined by either/or the presence of acute kidney injury (Acute Kidney Injury Network criteria) 14 , transaminases elevation ≥3 times (hepatic dysfunction), CK elevation ≥3 times (myositis), and new onset cardiac arrhythmias. Patients were overweight when the body mass index (BMI) was ≥25 kg/m 2 . Bleeding was defined by the presence of new bleeding from any site-gums, nose (epistaxis), gastrointestinal (hematemesis, melena or haematochezia), respiratory(haemoptysis), uterine (menorrhagia/ metrorrhagia) or skin (purpura or petechiae). Warning signs were defined by the presence of one or more of the following: abdominal pain, vomiting, dyspnea, dizziness, hepatomegaly, mucosal bleeding, diabetes mellitus, pregnancy, and alcoholism. A platelet count of <150x10 9 /l was defined as thrombocytopenia, while severe thrombocytopenia was when the counts were <50×10 9 /l. A significant change in haematocrit from Day 1 to Day 2 was considered when there was either a 20% increase or fall in haematocrit.
Observations and treatment Anthropometry (height, weight, BMI and body surface area) were measured on Day 1. BMI and body surface area (BSA) was calculated using the QxMD Calculate mobile app (version 7.0.6.0), using the De Bois formula. Pulse rate, SBP, DBP, pulse pressure, systolic postural fall (SBP fall) and diastolic postural fall (DBP fall) were measured at least twice daily during both days. More frequent measurements were done in those with postural symptoms and when receiving bolus IVF. Similarly, examination for abdominal tenderness, hepatomegaly, ascites, pleural effusion, altered consciousness were performed twice daily. Urea/ creatinine, LFT and CK-total were done once at admission and again 48 hours later to monitor trends. CBC was performed twice daily during the 48 hours for all patients, and every 6 th hourly in those with bleeding or 20% increase in haematocrit.
All patients were asked to drink 4-5 l of oral fluids cumulatively (a combination of water with or without oral rehydration salt, water with 5 tsp glucose, fresh juice, tender coconut water, buttermilk, milk, and dilute millet or rice porridge). The patients and their relatives were instructed to keep five 1-l bottles at the bedside to be filled up with water or oral rehydration salts each morning for easy monitoring. Other beverages were accounted as follows using two disposable paper cups of 200 ml and 100 ml each: a glass of juice, water with 5 tsp glucose, tender coconut water or porridge as 200 ml; 1 glass of buttermilk or milk as 100 ml. The total quantity of oral fluids was rounded-off to the nearest 100 ml. IVF was initiated for those in with postural symptoms, hypotension, shock, abdominal pain, persistent vomiting, or those with poor oral intake. Either normal saline or ringer lactate was administered as maintenance fluids, at the rate of 100 ml/hour, calculated using the following formula: {1500 ml+[weight (kg) × 20 ml/kg/day]=2500 ml, for a 50-kg person}. Boluses of normal saline (500 ml) were given for those patients in shock and in those with significant postural fall in blood pressure. Dextrose saline (5% DNS) was administered for patients with poor calorie intake and in those with hepatic dysfunction. The empty fluid bottles were retained at the patient's bedside cupboard to keep count of IVF to the nearest 500 ml. The attendants of patients who could document both oral and IVF intake on paper were exempted from keeping bottle counts. Fluid intake was measured at the end of Day 1 and Day 2. Urine output was measured every 6 th hourly. The total fluid counts (oral +intravenous) for each day was divided by each patient's weight, height, BMI and BSA. A measuring jar cut out from an IVF bottle, was used for measuring urine output (Figure 1 ). Attendants were instructed to inform and/or note down the colour and quantity of urine and urgently bring to notice if there was no urine output for six continuous hours. Outcome measures were the total oral fluids and total intravenous fluid administered, low urine output (<500 ml/day), bleeding episodes and need for transfusion, compensated and hypotensive shock, and organ dysfunction such as hepatitis and myositis.
Statistical analysis
Data were entered in an Excel spreadsheet and thence imported into IBM SPSS for Windows v22 for statistical analysis. Frequencies of clinical symptoms, examination findings, and severe organ involvement were calculated. Chi-square analysis (Fischer's exact test for frequencies <5) was used to compare the presence of symptoms, signs, and investigations among those who had received more than 5 l fluid/day with those who had not. Means ± standard deviations were calculated for continuous variables (clinical, lab, and treatment) and compared between the two groups receiving and not receiving 5 l fluids on both days using t-test. Bivariate correlations were performed between fluid administration (based on weight, height, BMI, and BSA on both days) and clinical/lab values. P<0.05 was considered to indicate a statistically significant difference.
Results
Patient condition and fluid consumption
Of the 43 patients, 30 were female. Most patients were admitted on the fourth (n=9), fifth (n=8), and seventh (n=7) days of fever. Males had a significantly higher postural fall compared to females and had higher haematocrit and CK values. At admission, all patients had had warning signs, while 37 continued to have warning signs on Day 1, and on further evaluation and investigations, 33 of them also had signs of severe dengue (Class C) ( Table 1 ). In total, 15 had serositis and/or organ involvement in the form of either hepatitis, AKI, myositis, or cardiac dysfunction (1 case of Brugada Type 1 ECG pattern). In total, 27 were afebrile on Day 1, and 36 on Day 2. BMI was comparable between males and females (24.79±6.45 versus 23.98±4.92). Thrombocytopenia was seen in 12 and 11 patients on Day 1 and Day 2, respectively, with bleeding manifestation in seven (three with gum bleeds and one each with epistaxis, metrorrhagia, haemoptysis and hematochezia). Only four patients had an increase in haematocrit ≥20% on Day 2 compared with the previous day. Obese individuals and patients with hypotensive shock received significantly more fluids on Day 1 than adolescents (Table 2 ). There was no significant difference in fluids received in those with and without warning signs. Bleeding was not significantly related to platelet counts, haematocrit, liver dysfunction, or CK elevation. Serositis, hepatitis, severe thrombocytopenia, bleeding, and compensated shock did not correlate with any anthropometry-related fluid calculation. Hypotensive shock had significant correlations with fluids/BSA and fluids/weight, while laboratory parameters correlated with best with fluids/BMI ( Table 3) . None of them developed fluid overload, pulmonary oedema, ARDS or admission into intensive care unit (ICU). There was no mortality. Raw data are available on Harvard Dataverse 15 .
Patient attitude towards drinking fluids
Patients' inability/hesitancy to drink fluids as instructed by the staff were due to poor taste, nausea, vomiting, abdominal pain, dizziness on sitting up or walking to the restroom, inability to use the restroom following increased fluid intake, and poor cleanliness of the common restrooms. Patients referred from peripheral health centres for admission also felt that care was incomplete without IVF, preferring IVF over oral fluids, and often demanded IVF. In those who received IVF, problems encountered include wrong beliefs that they should not eat or drink while receiving IVF, unavailability of IVF stands on occasions (due to requirement by most patients in the ward), thrombophlebitis, delay in nurse or a doctor reaching them to disconnect the IV line so that they could use the toilet and then reconnect it again, difficulty in sleeping in a comfortable position because of the cannula, and washing after using the toilet (IV cannula in the left wrist/hand).
Discussion
There are 50-100 million new cases of dengue annually, with the vast majority of them in individuals >15 years of age 4, 16 . Dengue began being reported in Pondicherry from 2007 onwards 1 . A study from a hospital in Pondicherry during 2017 described the peak incidence of dengue between September and October; the dengue seroprevalence among antenatal mothers and children with fever was found to be 25.8% 17 . Severe dengue is more common in children 18 . The mean age of patients with severe dengue in our study was 30±12 years, compared to 26±11 years in those without severe dengue. Reports from India show that confirmed cases are being described mostly in the 21-30 years age group 1 . Even though dengue shock requires admittance to an ICU, we managed all patients in the wards due to a shortage of beds in the ICU 3 . None of our patients developed other indications of ICU care such as ARDS, cardiogenic shock, encephalitis, or secondary pneumonia.
Fluid calculation during the critical phase is calculates as follows: 100 ml/kg for the first 10 kg (1000 ml), 50 mL/kg for the second 10 kg(500 ml) and 20 ml/kg for >20 kg up to 50 kg (600 ml), and 5% deficit, calculated as 50 ml/kg up to 50 kg (2500 ml) which yields a total of 4600 ml for a 50 kg person for about 48 hours 19 . Since 33/37 patients had severe dengue, the fluids administered were much higher than this amount during each day of the two-day study. Some studies have shown that the new WHO guidelines increased the sensitivity of identifying patients with severe illness, with a risk of over-admission and increased workload, which would not be desirable in endemic regions that were resource-limited 7 . In a study from a tertiary hospital at Singapore, some cases of dengue with warning signs were safely managed in outpatient settings, but this practice cannot be extrapolated to other settings of primary/secondary care 7 . Most patients with severe illness progressed within a day of developing warning signs 7 . Thus, our study attempted to find out whether a range of fluid requirement would satisfy most patients (at least in a hospital) with dengue and warning signs without the minute assistance of a doctor or a nurse.
Only four studies have quantified the fluid requirements of patients with dengue, among which two have been performed in hospitalised patients [10] [11] [12] [13] . Three had used the earlier WHO classification for severity of dengue: dengue fever, dengue haemorrhagic fever and dengue shock syndrome. The actual requirements of fluids in these three subtypes have not been quantified and vary with individuals; it depends on the availability of resources, staff, and place of treatment. Two studies had reported fluid requirements from admission to discharge 10, 11 . A large prospective study of 1501 patients in Asia and Latin America with children constituting 65% described fluid accumulation, shock, and respiratory distress in relation to IV fluids, especially boluses. Median IVF volumes for maintenance, rehydration, and resuscitation were 50, 50 and 64.7 l/kg, respectively. The quantity of oral fluids consumed was not reported 11 . Another Sri Lankan study had shown that the quantity of fluid consumed had no impact on the development of third space fluid accumulation 9 . We are the first to assess fluid (oral and IVF) requirements based on the severity classification of A, B, and C. We had practical difficulties with both oral and IVF (as listed under Results), but persisted in explaining the need for fluids, especially by mouth.
Fluids losses into the third spaces may occur even prior to the fourth day of fever and it is imperative that fluid replacement begins early, especially prior to admission, beginning at home 10 . Our study showed that the maximum total fluids (13,700 and 14,100 ml on Day 1 and Day 2, respectively) had been administered on the fourth day of fever (Figure 2) . During the first two days of fever, it is difficult to predict whether the disease may progress to shock (compensated or hypotensive) and hence fluid supplementation is important. In the Sri Lankan study auditing the trends in fluid requirements, 6267 ml was the mean requirement on the fourth day of fever similar to that of our study (6141 ml on Day 1 and 6433 ml on Day 2) 10 .
The Malaysian study showed that reading out advice from a dengue home care card to patients attending primary care clinics improved fluid intake by at least one litre and reduced hospitalization rates 12 . They also found that a fluid chart maintained by the patient improved awareness of fluid intake and enhanced compliance. In Nicaragua, where the amount of fluid was also quantified, drinking five glasses of fluids prior to being seen by a doctor was protective against hospitalization 13 . The various liquids ingested in that study included juices, lemonade, milk, coffee, tea, and oral rehydration salts. We did not advise tea or coffee because of their weak diuretic action. We also suggested tender coconut water, dilute millet or rice porridge. Promoting high fluid intake was suggested to make an economic impact in countries with dengue fever 13 . We suggested an empirical 4-5 litre count based on the 100 ml/kg for an average 50 kg person, to account for both maintenance and replacement fluids arising from losses due to vomiting, diarrhoea, high fever, anorexia and poor intake in hot and humid weather conditions. Volume replacement guidelines are based on studies in children and hence caution was advised in order to avoid fluid overload 16 . Intravenous fluids were given at a mean volume of 110 ml/kg over a mean of 25.3 hours in infants in a Vietnamese study which studied both patients with dengue hemorrhagic fever and dengue shock syndrome 16 . This contrasted with a mean IVF volume of 40.44 ml/kg (2318.6 ml/57.33 kg) on Day 1 and 29.69 ml/kg (1702.33 ml/57.33 kg) on Day 2 in our study. Hence the requirement of administered fluids is much lower when considered for their weights. A different anthropometric measurement may perhaps be useful in adults to gauge actual requirements, since the BSA and BMI correlated better with laboratory parameters of severe dengue in our study. Fluids/BSA correlated best with hypotensive shock on both days, while fluids/BMI correlated significantly with all the lab predictors of severe dengue.
Limitations
This study had very small numbers due to the fact it was an audit of treatment practices in a single treating unit in Medicine (total of five units) during an epidemic that lasted 2 months. The dengue species was not known. The blood pressure was measured using a mercury sphygmomanometer, where errors in a few millimetres could probably misclassify patients with compensated and hypotensive shock. Also, some patients with severe postural symptoms had their BP checked in the sitting position, which could have led to a higher pulse pressure being recorded. The ECG heart rate was documented only at admission and patients could have been misclassified as having or not having a warning sign during Day 1 of the study. For logistic reasons, the study began only at 0800 AM of the following day after admission and hence the fluid administration for patients with shock or warning signs during the previous hours was not quantified. This amount may have been higher since all patients had been admitted initially with warning signs.
Conclusions
Most adults hospitalised with dengue fever and warning signs seem to require >100 mL/kg/day of fluids during their hospital stay without developing symptoms of fluid overload. This is over and above what has been described in the national guidelines, which are weight-based calculations. Abdominal pain, overweight individuals, tachycardia on ECG, hypotensive shock, increasing haematocrit and elevated CK levels were significantly associated with having received >5 l/day. Since some patients developed warning signs on the third day of fever, it would be prudent to sometimes lower the threshold for admission in patients who come to the emergency department. Advising a larger amount of fluids (as in our study) at home during dengue epidemics could probably further reduce the need for admissions and/or development of severe dengue-a fraction of the fluid quantity that we administered our patients had already shown to reduce hospitalization rates in two other studies. In resource-poor settings, letting patients and their attendants participate in the acute bedside management of dengue with warning signs may go a long way in preventing morbidity in dengue fever.
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